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(57) ABSTRACT

A vehicle roof stiflener includes at least one fiber remnforced
polymer (FRP) portion and at least one metal or metal alloy
portion. The FRP portion includes at least one transition
structure including a metal or a metal alloy. At least some of
the fibers of the FRP portion are embedded in the transition
structure. The metal or metal alloy portion 1s secured to the
transition structure of the FRP portion. In an example
vehicle roof stiffener, the metal portion extends parallel to a
longitudinal axis of a vehicle, and the FRP portion extends
transverse to the longitudinal axis. The example vehicle roof
stilener may 1nclude a front FRP portion, a rear FRP
portion, and two metal side portions. The metal side portions
and the FRP portions may be joined by welding the transi-
tion structures to the metal portions.
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MULTI-MATERIAL VEHICLE ROOF
STIFFENER

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of U.S. application Ser.
No. 15/610,146 filed on May 31, 2017, the content of which
1s hereby incorporated by reference in 1ts entirety.

BACKGROUND

Traditional vehicle roofs include a metal stiffener com-
ponent. The metal stiffener component provides structural
support to a relatively thin roof panel and helps the vehicle
maintain 1ts shape. The metal stiffener component, however,
adds significant weight to the vehicle above a center of
gravity of the vehicle. Therefore, the heavy weight of the
metal stiflener component decreases the amount of light-
weilghting that can occur below the roof without raising the
center of gravity of the vehicle.

In view of the foregoing, there 1s a need for improved
vehicle roof stiffeners. Further advantages will become
apparent from the disclosure provided below.

SUMMARY

This summary 1s provided to itroduce a selection of

concepts 1 a sumplified form that are further described
below 1n the DETAILED DESCRIPTION. This summary 1s
not intended to i1dentily key features of the claimed subject
matter, nor 1s 1t intended to be used as an aid 1n determining,
the scope of the claimed subject matter.

In an aspect, the disclosure provides a vehicle roof
stiffener. The vehicle roof stiffener may include a fiber
reinforced polymer (FRP) portion including at least one
transition structure comprising a metal or a metal alloy. At
least some of the fibers of the FRP portion are embedded 1n
the transition structure. The vehicle roof stiflener may
include at least one metal or metal alloy portion secured to
the transition structure of the FRP portion.

In another aspect, the disclosure provides a method of
manufacturing a vehicle roof. The method may include
providing at least one FRP portion of a roof stiflener
including a plurality of metal tabs having fiber tows embed-
ded therein. The method may include joining the plurality of
metal tabs of the FRP portion to at least one metal portion
to form the roof stiffener having a central opening.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed to be characteristic of the
disclosure are set forth in the appended claims. In the
descriptions that follow, like parts are marked throughout the
specification and drawings with the same numerals, respec-
tively. The drawing figures are not necessarily drawn to
scale and certain figures may be shown 1n exaggerated or
generalized form 1n the interest of clarity and conciseness.
The disclosure 1tself, however, as well as a preferred mode
of use, further objects and advances thereof, will be best
understood by reference to the following detailed descrip-
tion of illustrative aspects of the disclosure when read in
conjunction with the accompanying drawings, wherein:

FIG. 1 1s a perspective view of a vehicle body.

FIG. 2 1s a top view of an example vehicle roof stiflener,
according to an aspect of the disclosure.
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FIG. 3 1s a bottom view of the example vehicle roof
stitener of FIG. 2 and a roof panel, according to an aspect
of the disclosure.

FIG. 4 1s a bottom view of the example vehicle roof
stifftener of FIG. 2 joined to a partial vehicle frame, accord-
ing to an aspect of the disclosure.

FIG. 5 1s a perspective view ol an interface between the
example vehicle roof stiffener and the vehicle frame of FIG.
4, according to an aspect of the disclosure.

FIG. 6 1s a perspective view of another example vehicle
roof stiffener, according to an aspect of the disclosure.

FIG. 7 1s a top view of the example vehicle roof stiffener
of FIG. 6.

FIG. 8 1s an exploded top perspective view of a rear corner
of the example vehicle roof stiffener of FIG. 6, according to
an aspect of the disclosure.

FIG. 9 1s an exploded bottom perspective view of the rear
corner of the example vehicle roof stiffener of FIG. 6,
according to an aspect of the disclosure.

FIG. 10 1s an exploded top perspective view of a front
corner of the example vehicle roof stiffener of FIG. 6,
according to an aspect of the disclosure.

FIG. 11 1s an exploded bottom perspective view of a front
corner of the example roof stiffener of FIG. 6.

FIG. 12 15 a side perspective view of an interface between
an FRP component and a metal component, according to an
aspect of the disclosure.

FIG. 13 1s a bottom perspective view of the interface
between an FRP component and a metal component of FIG.
12, according to an aspect of the disclosure.

FIG. 14 1s a top view of an interface region including
transition components.

FIG. 15 1s a flowchart illustrating an example method of
manufacturing a vehicle roof, according to an aspect of the
disclosure.

FIG. 16 1s top view of a roof stiflener subject to a racking
motion.

FIG. 17 1s diagram of multiple layers of FRP with the fiber
of the transition structure interleaved with the layers of FRP.

DETAILED DESCRIPTION

The following includes defimitions of selected terms
employed herein. The definitions include various examples
and/or forms of components that fall within the scope of a
term and that may be used for implementation. The
examples are not mtended to be limiting.

A “vehicle,” as used herein, refers to any manned or
unmanned structure capable of moving and 1s powered by
any form of energy. The term “vehicle” includes, but 1s not
limited to: cars, trucks, vans, minivans, SUVs, motorcycles,
scooters, boats, personal watercraft, submersibles, aircratt,
and spacecrait. In some cases, a motor vehicle includes one
Or more engines.

It should be understood that the description and drawings
herein are merely illustrative and that various modifications
and changes can be made 1n the structures disclosed without
departing from the present disclosure. In general, the figures
of the example vehicle roof structure are not to scale. As
used herein, lateral directions are transverse across the
vehicle, 1.e., left and right directions. Likewise, longitudinal
directions refer to forward and rearward directions of
vehicle travel, and the vertical directions relate to elevation,
1.e., upward and downward directions. It will also be appre-
ciated that the various i1dentified components of the example
vehicle roof structure disclosed herein are merely terms of
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art that may vary from one manufacturer to another and
should not be deemed to limit the present disclosure.

Generally described, the present disclosure provides for a
vehicle roof stiffener including at least one metallic portion
joined to at least one fiber reinforced polymer (FRP) portion.
The at least one metallic portion and the at least one FRP
portion may be jomned by a metal or metal alloy transition
structure including fiber embedded therein. The transition
structure may be 1n the shape of an insert or tab. Although
the transition structure 1s described herein as being a tab, the
transition structure 1s not limited to any shape or geometry.
The fiber may extend from the metallic tab. The FRP portion
may include multiple layers of FRP with the fiber of the
transition structure interleaved with the layers of FRP.
Accordingly, the transition structure may form a permanent
integrated feature of the FRP portion. The transition struc-
ture, because 1t 1s metal, may be welded to the metallic
portion, €.g., via resistance spot welding. Accordingly, a
strong permanent attachment between the metallic portion
and the FRP portion may provide structural rigidity to the
rooi stiflener. In an aspect, the FRP portion may include
carbon fibers. Other fibers that could be used include glass
fibers, aramid fibers, polyparaphenylene-benzobisethiazole
(PBO) fibers, ceramic fibers such as S1C, and any combi-
nations thereof.

The use of a FRP portion where traditional roof stifieners
use metal may reduce the weight of the roof stiffener. The
use of mtegrated transition structures including fiber embed-
ded within a metallic tab may allow use of metal to metal
joimng techmques that do not damage the FRP portion.
Accordingly, the structural properties of the FRP portion
may be greater than that of a solid metal roof stiflener.
Additionally, the FRP portion may be more resistant to a
racking motion (e.g., collapsing and opening at opposing
corners) than metal roof stifleners, contributing to an
increase in body rigidity. An example of a roof stiffener 700
experiencing a racking motion 1s illustrated i FIG. 16.

Turning to the figures, where like reference numbers refer
to like components, FIG. 1 illustrates an example vehicle
body 104, which may support a metal alloy vehicle roof
structure (not shown) attached to the metal alloy vehicle
body 104. As schematically shown in FIG. 1, the vehicle
body 104 includes a pair of laterally spaced body members
112, 114 for defining sides of a passenger compartment 116
and a front roof rail 118 and a rear roof rail 120 spanning
between the body members. A cross member or roof bow
122 mterposed between the front and rear roof rails 118, 120
extends between the spaced body members 112, 114. The
body members together with the front and rear roof rails 118,
120 support the vehicle roof structure over the passenger
compartment 116. The spaced body members 112, 114
partially define a door frame.

FIG. 2 illustrates an example vehicle roof stiffener 200.
The vehicle roof stiffener 200 may include metal side
portions 210, a front FRP portion 220, and a rear FRP
portion 240 joined together to define a central opening 260.
The metal side portion 210 may form a side of the vehicle
rool stiflener and extend substantially parallel to a longitu-
dinal vehicle axis. That 1s, the metal side portion 210 may
extend along a side of the vehicle from front to back. The
front FRP portion 220 may extend transverse to the longi-
tudinal vehicle axis at a front of the vehicle roof. The rear
FRP portion 240 may extend transverse to the longitudinal
vehicle axis as a rear of structural support for the roof.

Each metal side portion 210 may be a generally elongated
frame member having a generally channel-like structure. For
example, the metal side portion 210 may include an inner lip
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4

212, a recessed central channel 214, and an outer lip 216.
The channel-like structure of the metal side portions 210
may provide structural rigidity to help stiffen a roof assem-
bly. The metal side portion 210 may be formed using
conventional metal processes such as stamping a metal
sheet. The metal side portion 210 may be formed of any
metal or combination of metals compatible with the tech-
niques disclosed herein. For example, the metal side portion
210 may be formed of steel, aluminum, magnesium, tita-
nium, cobalt, beryllium, nickel, columbium, tantalum, tung-
sten, and alloys thereof, or other structural alloys.

The front FRP portion 220 may also be a generally
clongate frame member having a generally channel-like
structure. For example, the front FRP portion 220 may
include an 1mner lip 222, a recessed central channel 224, and
an outer lip 226. The channel-like structure of the front FRP
portion 220 may provide structural rigidity to help stiflen a
roof assembly. The front FRP portion 220 may include the
two front corners of the roof stiflener 200. The front FRP
portion 220 may extend across the entire front of the roof
stilener 200. The front FRP portion 220 may also include
rearward projections 228 such that the ends of the front FRP
portion 220 face longitudinally rearward and the edge of the
rearward projections 228 1s transverse to the longitudinal
axis. Accordingly, the rearward projections 228 may mate
with the forward facing ends of the metal side portions 210.

The front FRP portion 220 may include one or more
transition structures having fiber tows embedded within a
metal tab. For example, the front FRP portion 220 may
include 1nner transition structures 232, middle transition
structures 234, and outer transition structure 236 located on
the rearward projections 228. The inner transition structures
232 may be located at ends of the mner lip 222. The maddle
transition structure 234 may be located at ends of the central
channel 224. The outer transition structure 236 may be
located at ends of the outer lip 226. In an aspect, the outer
transition structure 236 may be an eclongated transition
structure that extends along an entire side of the front FRP
portion 220. As discussed in further detail below, the tran-
sition structure 236 may be welded to a vehicle frame
member.

In an aspect, the transition structures described herein
may include fiber tows embedded using ultrasonic additive
manufacturing (UAM). UAM techniques for embedding
fibers are described in, for example, Hahnlen and Dapino,
“Active Metal-matrix Composites with Embedded Smart
Matenals by Ultrasonic Additive Manufacturing,” Proceed-
ings of SPIE—The International Society for Optical Engi-
neering 7645:15, March 2010, which 1s incorporated herein
by reference. The metal tab 101, as illustrated n FIG. 17,
may be formed of any metal compatible with the techniques
disclosed therein. For example, the metal tab 101 may be
formed of steel, aluminum, magnesium, titanium, cobalt,
beryllium, nickel, columbium, tantalum, tungsten, and
alloys thereof, or other structural alloys. The fiber tows 102
may extend out from edges of the metal tab. The transition
structure 100 may be embedded within the front FRP portion
220 during manufacture of the front FRP portion 220. For
example, as illustrated in FIG. 17 the fiber tows 102 may be
interleaved with fiber fabric 103 forming the front FRP
portion 220, prior to consolidating the fiber fabric. Accord-
ingly, the metal tabs 101 may form an integrated portion of
the front FRP portion 220. The surface of the metal tabs 101
may be exposed. In some aspects, one or more edges of the
metal tabs 101 may form an edge of the front FRP portion

220.
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The rear FRP portion 240 may also be a generally
clongate frame member having a generally channel-like
structure similar to the front FRP portion 220. For example,
the rear FRP portion 240 may include an inner lip 242, a
recessed central channel 244, and an outer lip 246. The rear
FRP portion 240 may also include one or more transition
structures having fiber tows embedded within a metal tab.
For example, the rear FRP portion 240 may include inner
transition structures 252, middle transition structures 254,
and outer transition structure 256. The inner transition
structures 252 may be located at ends of the mner lip 242.
The middle transition structure 254 may be located at ends
of the central channel 244. The outer transition structure 256
may be located at ends of the outer lip 246. In an aspect, the
outer transition structure 256 may be an elongated transition
structure that extends along an entire side of the rear FRP
portion 240. As discussed in further detail below, the tran-
sition structure 256 may be welded to a vehicle frame
member. The transition structures 252, 254, 256 may have
similar shapes and construction as the corresponding tran-

sition structures 232, 234, 236, respectively.

The transition structures 232, 234, 236, 252, 254, 256 may
be jomned (e.g., welded) to the metal side portions 210 to
form the roof stiffener 200. For example, the roof stiffener
may be generally trapezoidal or rectangular and define a
central opening 260. The roof stiffener 200 may be mounted
to a vehicle frame to provide support for a roof panel. The
roof stiffener 200 may also support a glass assembly such as
a panoramic roof, sun rooi, or moon roof.

Turning to FIG. 3, the example vehicle roof stiffener 200
may be attached to a roof panel 270. For example, the roof
panel 270 may be joined to a top surface of the roof stiffener
200 (e.g., along mner lips 212, 222, 242, outer lips 216, 226,
246). The roof panel 270 may also extend from the roof
stitener 200 (e.g., rearward) without support. The extending
portion of the roof panel 270 may be attached to a vehicle
frame (e.g., by welding or other metal-to-metal joining
techniques). In an aspect, the roof panel 270 may be alu-
minum or an alloy thereolf and may be joined to the
transition structures 236, 256 by welding.

Also visible 1n FIG. 3 are metal flanges 218 at the ends of
metal side portions 210. The metal flanges 218 may be
located where the metal side portions 210 overlap the front
FRP portion 220 or the rear FRP portion 240. The metal
flanges 218 may be offset from the remainder of the metal
side portions 210 and receive the respective front FRP
portion 220 or rear FRP portion 240. The transition struc-
tures (not visible) may be jomned (e.g., welded) to the top
surface of the metal flanges 218. It should be appreciated
that the relative locations of the metal flanges 218 and the
FRP portions may be reversed such that the metal flanges
218 are located on top and the FRP portions including the
transition structures are located on the bottom. In an aspect
where the elongated outer transition structures 236, 256

form the side edges of the respective FRP portions, part of

the elongated outer transition structures 236, 256 extending
from the respective metal flange 218 to the corners may form
a bottom surface of the roof stiffener 200.

FIG. 4 shows the example vehicle roof stiffener 200
joined to a partial vehicle frame 302, according to an aspect
of the disclosure. The vehicle frame 302 may include a side
body member 312, which may correspond to the body
member 112 (FIG. 1). The side body member 312 may
include a front pillar 342 (which may also be referred to
interchangeably as an “A pillar”), a middle pillar 344 (*B
pillar”), and a rear pillar 346 (““C pillar™) that support a door
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frame 340. The roof stiffener 200 may be joined to the
vehicle frame 302 at the door frame 340.

Joming different materials such as FRP and metal may
present various 1ssues. In particular, using fasteners that
pierce the FRP such as bolts or rivets may reduce the
structural integrity of the FRP. Designs may use thicker
layers of FRP to accommodate such fasteners, but the thicker
layers add weight and cost. The integration of the transition
structures 336, 356 may allow the FRP portions of the roof
stilener to be attached to the vehicle frame using conven-
tional metal to metal joining techniques such as but not
limited to resistance spot welding, metal inert gas (MIG)
welding, other welding, brazing, fasteners (e.g., screws,
bolts, nivets), clinching, and hemming. In an aspect, the
vehicle frame 302 may include steel, the metal side portions
210 may be aluminum, and the transition structures 236, 256
may include aluminum. The aluminum portions may be
joined to the steel vehicle frame 302 using an adhesive and
a fastener.

FIG. 4 also shows a glass assembly 320 mounted to the
rooil stiffener 200. The glass assembly 320 may be, for
example, a panoramic glass assembly. The glass assembly
320 may be located in the central opening 260 of the roof
stitener 200. The glass assembly 320 may include one or
more glass panes 322 supported by a frame 324. The frame
324 may allow one or more of the glass panes 322 to be
retracted (e.g., to open a sun roof). The frame 324 may be
attached to the roof stiffener 200 along a perimeter of the
frame 324 and the mmer lips 212, 222, 242 of the roof
stilener 200. The frame 324 may be mounted to the metal
side portions 210 and the FRP portions 220, 240 using
different techniques and/or fasteners. For example, the frame
324 may be mounted to the metal side portions 210 using
fasteners 328 such as nuts and bolts, or rivets that extend
through holes in both the frame 324 and the metal side
portion 210. The FRP portions 220, 240 may include a
T-stud 326 adhesively bonded to the surface of the FRP
portions. The T-stud 326 may have a generally flat bonding
surface and a threaded shait extending normally to the
bonding surface. The threaded shaft may be placed through
holes 1n the frame 324 and secured with a nut. Because the
glass assembly 320 1s not a structural member of the vehicle,
the adhesive bond may have suflicient strength. The use of
the T-studs may eliminate the need to pierce the FRP
portions.

FIG. 5 1s a perspective view ol an interface between the
example vehicle roof stiffener 200 and the vehicle frame
302. The door frame 340 may contact the metal side portion
210 along the outer lip 216 and be secured using metal to
metal techniques (e.g., spot welds). Sitmilarly, the door frame
340 may contact the elongated outer transition structures
236, 256 and be secured using metal to metal techniques
(e.g., spot welds). In an aspect, a bracket 348 may also be
used to secure the roof stiffener 200 to the door frame 340
or a pillar (e.g., rear pillar 346). As illustrated 1n FIG. 5, the
bracket 348 may be mounted to the rear FRP portion 240. As
discussed above, the FRP portion 240 may include addi-
tional layers in the region of the bracket 348 to provide
suflicient structural integrity. In another aspect, one or more
transition structures including embedded fiber may be
located at the connection to the bracket 348. For example,
the one or more transition structures may be integrated into
the middle of the FRP portion 240. The bracket 348 may
then be welded or fastened to the transition structure.

FIG. 6 1s a perspective view of another example vehicle
roof stiffener 400, according to an aspect of the disclosure.
FIG. 7 1s a top view of the example vehicle roof stiffener
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400. The roof stiffener 400 may include metal side portions
410, a tfront FRP portion 420, and a rear FRP portion 440,
which may correspond to the metal side portions 210, front
FRP portlon 220, and rear FRP portion 240, respectlvely

The roof stiflener 400 may also define a Central opening 460,

where a glass assembly 320 may be mounted. The roof
stifflener 400 may differ from the roof stiffener 200 1n that the
metal side portions 410 may extend to the rear corners of the
roof stiffener 400. The joint between the metal side portions
410 and the rear FRP portion 440 may be located on a rear
side of the roof stiflener 400. The rear FRP portion 440 may
be generally straight and include inner transition structures
452, middle transition structures 454, and outer transition
structures 456 located at opposite ends. In contrast to the
outer transition structure 256, the outer transition structures
456 may be relatively shorter because the roof stiffener 400
may be joined to the vehicle frame along a rear flange 462
of the metal side portion 410. For example, the outer
transition structure 456 may be approximately the same
length as the middle transition structure 454. Additionally,
the metal side portion 410 may include through holes 464 for
attaching the roof stiffener 400 to the bracket 348 with
tasteners 466. Accordingly, the roof stiffener 400 may avoid
placing fasteners 466 through the rear FRP portion 440.

FIG. 8 1s an exploded top perspective view of a rear corner
of the example vehicle roof stifiener 400. FIG. 9 1s an
exploded bottom perspective view of the rear corner of the
example vehicle roof stifiener 400. The metal side portion
410 may include a flange 472. The tlange 472 may extend
laterally inward from the metal side portion 410. The flange
472 may have a shape corresponding to a bottom surface of
the end of the rear FRP portion 440 including the transition
structures 4352, 454, 456. The length of the flange 472 may
be approximately the same as the length of one or more of
the transition structures 452, 454, 456. The top surface of the
flange 472 may be oflset (e.g., lowered) by a distance
approximately equal to the thickness of the rear FRP portion
440. Accordingly, when the rear FRP portion 440 1s joined
to the flange 472, a top surface of the rear FRP portion 440
may be level with a top surface of the metal side portion 410.
As best seen 1n FIG. 9, the transition structures 452, 454, 456
are exposed on the underside of the FRP portion 440 and
contact the flange 472.

FIG. 10 1s an exploded top perspective view of a front
corner of the example vehicle roof stiffener 400. FIG. 11 1s
an exploded bottom perspective view of the front corner of
the example vehicle roof stiffener 400. The front corner of
the vehicle roof stiffener 200 may be similar to the front
corner of the vehicle roof stiffener 400. The metal side
portion 410 may include a tlange 476 at the forward end. The
flange 476 may have a shape corresponding to the end of the
front FRP portion 420 including the transition structures
432, 434, 436. Similar to the flange 472, the flange 476 may
be oflset such that the end of the front FRP portion 420 may
be received on the flange 476 and the top surfaces of the
front FRP portion 420 and the metal side portion 410 may
be level. The bottom surfaces of the transition structures
432, 434, 436 may contact and be secured to the flange 476.
It should be noted that the outer transition structure 436 may
be significantly longer than the flange 476 and extend to the
front corner of the front FRP portion 430. That 1s, a {first
portion of the outer transition structure 436 may contact and
be joined to the flange 476 and a second portion of the outer
transition structure 436 may extend beyond the tflange 476
and be joined to the vehicle frame (e.g., at door frame 340).

FI1G. 12 15 a side perspective view of an interface between
the front FRP portion 420 and the metal side portion 410.
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FIG. 13 1s a bottom perspective view of the interface
between a FRP component and a metal component of FIG.
10. A similar interface may be present between the metal
side portion 210 and the front FRP portion 220. As best seen
in FIG. 10, the mner transition structure 432 may be 1nte-
grated within the front FRP portion 420 such that a top
surface of the inner transition structure 432 1s level with the
top surface of the front FRP portion 420. Similarly, the outer
transition structure 436 may be integrated with the front FRP
portion 420 to form a level top surface. Additionally, the
oflset of the flange 476 allows the front FRP portion 420 to
seat on the flange 476 such that the top surfaces of the front
FRP portion 420 and the metal side portion 410 are level. As
best seen 1n FIG. 11, the outer transition structure 436 may
be joined to the tlange 476 at one end and extend beyond the
flange 476. Accordingly, the bottom surface of the outer
transition structure 436 may be exposed for joining to the
vehicle frame. The front FRP portion 420 may be joined to
the metal side portion 410 at the flange 476 by welding (e.g.,
using resistance spot welding) at each of the transition
structure 432, 434, 436. Additionally, an adhesive or sealant
may be placed between the front FRP portion 420 and the
flange 476. Similar techniques may be used at each interface
between the metal side portions 410 and the FRP portions in
both the example roof stiffeners 200 and 400.

FIG. 14 1llustrates further details of the transition struc-
tures located in an interface region 500 of the example roof
stiffener 400. The transition structures may be designed for
a planned joining technique. For example, where spot weld-
ing 1s used, the transition structures may be designed to
accommodate one or more spot welding locations. For
example, the inner transition structures 432 may have fibers
extending from three sides 502. A fourth side 504 that forms
an edge of the front FRP portion 420 may not include fibers.
The fibers may extend inward from the three sides 502 such
that a loop of fiber 1s embedded within both the metal tab and
the FRP. In one aspect, the metal tab of inner transition
structure 432 may be approximately 25 mm by 25 mm,
which may accommodate a central spot weld 1n a central
fiber free region 506. In another aspect, the length of the
metal tab may be extended to allow two or more spot welds.
Similarly, the middle transition structure 434 may include
embedded fiber on three sides 512 and a free side 514 that
forms the edge of the front FRP portion 220. The recessed
central channel 424 may be larger than the inner lip 422, so
an elongated metal tab may be oriented either longitudinally
or transversely. In an aspect, an intended location 516 for a
spot weld may be left free of fiber to prevent possible
damage to the fiber. For example, a longitudinally oriented
metal tab may have a length of at least 50 mm, preferably
approximately 60 mm, and a width of approximately 25 mm.
Starting from the edge, the metal tab may have fibers
embedded 1n the first 12 mm, a first fiber free region 518 of
approximately 5 mm, fibers embedded for another 25 mm,
a second fiber free region 518 of approximately 5 mm, then
fibers embedded along the sides and end of the metal tab.
Accordingly, the example longitudinally oriented tab of the
middle transition structure 234 may accommodate two loca-
tions 516 for spot welds. An example outer transition
structure 236 may have fiber embedded along one of the
long edges 522. The remaining sides 524 may form the
corner of the front FRP portion 420 and may not have any
embedded fibers. For example, the outer transition structure
436 may form the entire outer lip 426 along the longitudinal
edges of the front FRP portion 220. The outer transition
structure 436 may accommodate spaced apart spot welds
along the entire length. It should be appreciated that
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although examples of tab shapes are provided, additional tab
shapes may be designed based on the specific structure of the
metal portion and FRP portion being joined. For example,
fibers may be located 1n the transition structures of FIG. 2 to
accommodate locations for spot welding.

FIG. 15 15 a flowchart illustrating an example method 600
of manufacturing a vehicle roof. The vehicle roof may
include a roof stiffener 200, 400. The method 600 may be
performed by an operator using equipment including an
ultrasonic welding machine and other manufacturing tools
and apparatuses known 1n the art. Although the method 600
1s described below with respect to actions performed by an
operator, one or more of the steps described herein may be
automated (e.g., performed by a robotic arm).

In block 602, the method 600 may include providing at
least on FRP portion of a roof stiffener including fiber
embedded 1n a metal tab. In an aspect for example, one or
more of the front FRP portions 220, 420 and/or the rear FRP
portions 240, 440 may be provided. For example, one front
FRP portion 220 and one rear FRP portion 240 may be
provided to make the roof stiffener 200. Providing the at
least one FRP portion may include manufacturing the at least
one FRP portion as 1llustrated 1n blocks 604, 606, 608.

In block 604, block 602 may include providing a plurality
of transition components comprising the plurality of metal
tabs having the embedded fiber tows extending therefrom.
As discussed above, the plurality of transition components
may be manufactured using UAM to embed fiber tows
within each metal tab. The fiber tows may extend from the
sides of the metal tab that are to contact the FRP portion. The
fiber tows may also be woven to form a fabric, or tows of a
fabric may be embedded within the metal tab.

In block 606, block 602 may include interleaving the
fibers tows with layers of fiber fabric. In an aspect, for
example, the layers of fiber fabric may be carbon-fiber fabric
cut to the shape of the FRP portion. The layers may include
a cutout in the location of the transition structures. The metal
tabs of the transition components may be placed in the
cutouts with the fiber tows extending over a layer of carbon-
fiber fabric. Another layer of carbon-fiber fabric may then be
placed over the fiber tows. Multiple layers may be inter-
leaved to integrate the transition component with the fiber
layers.

In block 608, block 602 may include consolidating the
layers of fiber fabric to form the FRP portion. In an aspect,
for example, the consolidating may include any process for
binding fiber layers used to manufacture FRP components.
For example, at sub-block 620, consolidating may include
infusing the fiber layers with resin and curing the resin using
an autoclave or hot- press mold. The FRP component formed
may be a FRP portion of the roof stiflener.

In block 610, the method 600 may include joining the
FRP portion to the metal portion. For example, the front FRP
portion 220, 420 and/or the rear FRP portion 240, 440 may
be joined to one or more metal side portions 210, 410. In
block 612, block 610 may include spot welding the transi-
tion components to the metal portion. For example, the front
FRP portion 420 may be joined to the metal side portion 410
at the tlange 476 by spot welding (e.g., using resistance spot
welding) at each of the transition structures 432, 434, 436.
Alternatively, other known metal to metal joining techniques
(e.g., MIG welding, brazing, fasteners, clinching, and hem-
ming, all with or without adhesives or sealers) may be used.
Additionally, at sub-block 622, block 610 may include
applying an adhesive or sealant between the front FRP
portion 420 and the flange 476 and between the rear FRP
portion 240 or 440 and flange 472.
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In block 614, the method 600 may optionally include
providing the roof stiffener to a vehicle assembly facility. In
an aspect, for example, one or more of the roof stiffeners
200, 400 may be provided to a vehicle assembly facility. The
rooi stiffeners 200, 400 may be compatible with existing
vehicle assembly lines. Accordingly, the roof stiffeners 200,
400 may be mounted to the vehicle using traditional tools.

In block 616, the method 600 may optionally include
mounting the roof stiffener on a vehicle frame. In an aspect,
for example, the roof stiffener 200, 400 may be mounted to
the vehicle frame 302. In an implementation, the roof
stiftener 200, 400 may be attached to the vehicle frame 302
using spot welds along the outer lips 216, 416, and/or rear
flange 462 and the transition structures 236, 256, 436, 456.
The roof stiffener 200, 400 may also be attached to one or
more brackets 348 with fasteners.

In block 618, the method 600 may optionally include
mounting a roof panel to the roof stiflner. In an aspect, for
example, the roof panel may be welded to the roof stiflener
200, 400 at the transition structures. For example, spot welds
may be placed along the metal side portion 210, and at the
transition structures 236 and 256 between the stiftener, roof
skin, and door frame/vehicle structure. Also, at sub-block
624, the roof skin may be hemmed to the roof stiffener 200
along the 1nside edge formed by the free edges of mner lips
212, 222, and 242.

It will be appreciated that various implementations of the
above-disclosed and other features and functions, or alter-
natives or varieties thereot, may be desirably combined into
many other different systems or applications. Also that
various presently unforeseen or unanticipated alternatives,
modifications, variations, or improvements therein may be
subsequently made by those skilled 1n the art which are also
intended to be encompassed by the following claims.

What 1s claimed 1s:

1. A method of manufacturing a vehicle roof, comprising:

providing at least one fiber reinforced polymer (FRP)

portion of a roof stiflener including a plurality of metal

tabs having fiber tows embedded therein, wherein

providing the at least one FRP portion comprises:

providing a plurality of transition components compris-
ing the plurality of metal tabs having the embedded
fiber tows extending therefrom;

interleaving the embedded fiber tows with layers of
fiber fabric; and

consolidating the layers of fiber fabric and the embed-
ded fiber tows aiter the interleaving to form the FRP
portion; and

joining the plurality of metal tabs of the FRP portion to at

least one metal portion to form the roof stiffener having
a central opening.

2. The method of claim 1, further comprising mounting,
the roof stiffener on a vehicle frame by joining at least one
of the plurality of metal tabs to the vehicle frame.

3. The method of claim 2, wherein mounting the roof
stiffener on the vehicle frame comprises spot welding the
plurality of metal tabs and the at least one metal portion to
the vehicle frame.

4. The method of claim 2, further comprising attaching the
roof stiffener to one or more brackets with fasteners.

5. The method of claim 1, further comprising mounting a
rool panel to the roof stiffener by joining at least one of the
plurality of metal tabs to the roof panel.

6. The method of claim 5, wherein joiming at least one of
the plurality of metal tabs to the roof panel comprises spot
welding the roof panel to the roof stiffener at the at least one
metal portion and at each of the metal tabs.
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7. The method of claim 5, wherein mounting the roof
panel to the roof stiffener further comprises hemming the
roof panel to the roof stiffener along an inside edge of the
central opening.

8. The method of claim 1, wherein consolidating the 5
layers of fiber fabric to form the FRP portion comprises
infusing the fiber layers with resin and curing the resin using
an autoclave or hot-press mold.

9. The method of claim 1, wherein joining the plurality of
metal tabs of the FRP portion to the at least one metal 10
portion comprises welding the plurality of metal tabs to the
at least one metal portion.

10. The method of claim 9, wherein welding the plurality
ol metal tabs to the at least one metal portion comprises spot
welding the transition components to the metal portion. 15

11. The method of claim 1, further comprising applying an
adhesive or sealant between the at least one FRP portion and
the at least one metal portion.

G e x Gx ex
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